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1
TRANSIMPEDANCE FOCAL PLANE PROCESSOR

BACKGROUND AND SUMMARY OF THE
| INVENTION | 5

The present invention relates generally to signal pro-
cessors and more specifically to a transimpedance pro-
cessor which converts low level photocurrents into
voltage levels and processes these signals for improved
signal detection.

Current state of the art realizes the trans:mpedance
. (TIA) function with the reset integrator shown in FIG.
1. Trans:mpedance gam is a function of integrate time

and capacitor size given by: s

G=1t0/C, to =Integrate time.

The current method of signal processing involves
following the TIA with cascaded highpass and lowpass
filters to remove undesirable noise and background 20
contamination. A block diagram of this technique is
shown in FIG. 2. A problem with this technique is that
in cases where large dc currents exist at the detector
output (background contamination), dynamic range at
the output of the TIA is sevcrely limited for ac signals
of interest. Further 1/f noise of the amplifier is multi-
plied by the ratio Cs/C which further degrades perfor-
mance.

Thus, it is an object of the present invention to im-
prove the dynamic range.

Another object of the present invention is to reduce
the output noise due to 1/f noise of the amplifier.

Still another object of the present invention is to
provide a dc signal which arises from the background,
as well as the ac data of interest.

A further object of the present invention is to provide
the dc signal without compromlsmg the ac signals’ dy-
namic range which the existing art is not capable of
providing. -

These and other objects are achieved by a feedback 40
circuit for generating a voltage as a function of the input
background level and precharging the capacitor of the
mput integrator to a negative of the generated voltage
in a precharge cycle. A sample and hold network,
which may include a lowpass filter, is connected to the 45
output of the input integrator and samples and holds the
output thereof. The feedback precharge circuit includes
an integrator to integrate the outputs of the sample and
hold. A switching arrangement connects the output of
the precharge integrator to a first terminal of the capaci- 50
tor of the input integrator which is connected to the
output of the input integrator during a precharge cycle
and connects the first terminal to the output of the input
integrator during a measurement cycle.

The sample and hold circuit includes a second capaci-
tor having a first terminal connected to the output of the
input integrator during a measurement cycle and con-
nected to a reference terminal, for example ground,
during the precharge cycle. The precharge integrator
includes an input capacitor having a first terminal con-
nected to the input of a precharge integrator and a
second terminal connected to the output of the sample
and hold to charge the input capacitor during a portion
of a cycle and being connected to the reference terminal
or ground during another portion of the cycle to dis-
charge the input capacitor. The precharge integrator
includes an amplifier having a feedback capacitor hav-
ing one terminal connected to the amplifier’s input and

25

30

35

33

635

10 4

4,893,088

"a second terminal connected to the amplifier’s output
through a switch which is normally closed and is open

2

while the input capacitor is being discharged. Another
switch connects the input of the precharge amplifier to
its output when the input capacitor is being discharged.

Other objects, advantages and novel features of the
present invention will become apparent from the fol-
lowing detailed description of the invention when con-
sidered in conjunction with the accompanying draw-
ings. | -

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1is a schematic of a reset-integrator of -the.priﬂr'. o

art |
FIG. 2 1s a block dlag.ram of a current signal proces-
sor method of the prior art.
FIG. 3 1s a block diagram of a 51gnal Processor incor-
porating the principles of the present invention.
FIG. 4 1s a schematic of the block diagram of FIG. 3

FIG. § shows graphs of the timing puises for use m-_ |
FIG. 4. |

DETAILED DESCRIPTION OF THE
DRAWINGS

A tranmmpedance processor according to the prescnt
invention is illustrated in FIG. 3 as including a tran-

simpedance or input integrator 10 having a current

input which is generally connected to a photodetecting -

diode. The output of the input integrator 10 is provided
to the input of a combination sample and hold and low-

pass filter 14. The output of the lowpass filter, whichis

the AC signal of interest, is provided at output terminal
Vout2 as well as to the feedback integrator 16. The
feedback integrator extracts the dc signal level to pro-

vide a precharge on the input transimpedance integrat- .

ing capacitor C1. Thus, the DC signal is available as
Vout 3. | |
During a measurement cycle, the current input is
integrated by the input integrator 10 and sampled and
filtered by the combination sample and hold and low-
pass filter circuit 14. The lowpass output is integrated
by integrator 16 which during a precharge cycle applies
the negative value of the sensed signal to the capac1t0r |
of the input integrator 10. |
During the precharge cycle of the input mtegrator'

10 not only the background level of the detector is

sensed, but the 1/f noise of the amplifier A1 is sampled

as well. In this way, during the integrate cycle, the l/f

noise i1s cancelled. |
‘The input transimpedance integrator 10 includes an

operational amplifier A1 having its positive terminal =~

connected to a first reference, illustrated as ground, and
the input current signal connected to its negative input.
The capacitor C1 has a first terminal connected to the

negative input of the operational amplifier Al. A switch o

S1 connects the second terminal of the capacitor C1 to
the output of the operational amplifier Al. A switch S2.
connects the second terminal of capacitor C1 to the
output of the integrator 16 and a switch S3 connects the
output to the input of operational amplifier A1l. o
It should be noted that throughout the schematic of
FIG. 4, each of the switches are controlled by a clock
signal. If the arrow connecting the switch has a plain -

head, it is responsive to be closed on a high clock pulse
and open on a low clock pulse. If the arrow has a circle

at the end, indicating an-inverted response, the switchis
open during a high clock pulse and is closed during a
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low clock pulse. In the input integrator 10 the switches
S2 and S3 are responsive to the inverted clock pulses

CLK 1.
The sample and hold and lowpass fiiter circuit 14
includes a second capacitor C2 having its first terminal

connected to the output of the input integrator 20 by a
switch S4. The first terminal is also connected tc a
reference voltage or ground through switch S5. The
switch S4 is responsive io clock pulse CLLK 1 and S5 is
- responsive to the inverse of clock pulse CLK 1.

The second terminal of C2 is connected to the nega-
tive input of operational amplifier A2. The positive
input of operational amplifier A2 is connected io the
first reference terminal or ground. Capacitor C3 has a
first terminal connected to the negative input of opera-
tional amplifier A2 and a second terminal connected
through switch S6 to the output of the operational am-
plifier A2. A second capacitor C4 has its first terminal
connected to the negative input of operational amplifier
A2 and 1ts second terminal connected to the output of
operational amplifier A2 by switch S7. A switch S8 also
connects the second terminal of capacitor C4 to a refer-
ence voltage or ground. Switch S9 connects the output
to the input of operational amplifier A2. Switches S6
and S7 are responsive to the inverse of the clock pulse
CLK 1 wherein switches S8 and S9 are responsive to
the clock pulse CLK 1.

The feedback integrator 16 includes an input capaci-
tor C3 having a first terminal connected to the output of
the sample and hold by switch S10. The first terminal of
capacitor C3 is also connected to a reference voltage or
ground by a switch S11. The switch §10 is responsive to
the clock pulses CLK4 whereas switch S11 is respon-
sive to the clock pulses CLKS. The other terminal of
capacitor CJ is connected to the negative input of an
operational amplifier A3. The positive input of opera-
tional amplifier A3 is connected to the reference volt-
age or ground. A capacitor C6 has a first terminal con-
nected to the negative input of operational amplifier A3
and a second terminal connected through switch S12 to
the output of the operational amplifier. Switch S13
connects the output to the input of operational amplifier
A3. Switch 12 is responsive to the clock pulse CLK3
whereas switch S13 is responsive to the inverse of clock

n

1G

15

20

25

30

35

pulse CLK3. As previously described, the output of 45

operational amplifier A3 and the integrator 16 is con-
nected to switch S2 in the input integrator 10.

The operation of the circuit of FIG. 4 will be ex-
plained with reference to the timing diagram of FIG. 5§
for the clocks 1, 3, 4 and 5. During time interval 1 with
1 high, switch S1 is closed and switches S2 and 3 are
open. Thus, the amplifier A1 is connected as an integra-
tor integrating the current input I-IN. During this same
period, the sampling filter circuit 12 includes closed
switch S4 which connects the output of the integrator
to the capacitor C2 and opens switch S5. The capacitor
C2 is charged to the value of the output of the integra-
tor 10. Switch S8 is closed, grounding the terminal of
C4 and causing it to discharge to ground. Switch S9 is
closed, providing a unity gain amplifier A2. Switches
S7 and S6 are open.

The width of the puise of clock 1 determines the
measurement period. Once the measurement period is
over, the clock pulse CLK1 goes low, opening switch
51 and closing switches S2 and S3. Assuming that the
integrator 16 has an output signal from prior cycles, the
closing of S2 applies this value to the terminal or plate
of capacitor C1 which is connected to the output of the
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input amplifier A1. This will appear as a negative value
once the circuit is again connected as an integrator.
With 83 closed during this reset cycle, the amplifier Al
operates as a unity gain amplifier providing the 1/f noise
of Al on capacitor C1 along with the feedback integra-
tor voltage.

During this precharge phase, S4 is open, disconnect-
ing the capacitor C2 from the output of the input inte-
grator 10 and S5 is closed, connecting the charging
terminal of capacitor C2 to ground. Switches S8 and S9
of the lowpass filter 14 are open and switches S6 and S7
are closed. The amplifier A2, with the capacitors C3
and C4, act as a lowpass filter for the signal which was
stored on capacitor C2 and provided it at the output
V-0OUT2, as well as to the integrator 16. The charge of
capacitor C2 is also dissipated to ground during the
precharge cycle.

The integrator 16 beginning at the first cycle of clock
1, closes switch S13 and opens switch S12 by clock
pulse 3. This causes amplifier A3 to be a unity gain
amplifier and disconnects the capacitor C6 from the
feedback loop. Clock pulse CLKS is high which closes
switch S11, connecting the charging terminal of capaci-
tor C$ to ground. Clock pulse CLK4 is low and there-
fore switch $10 is open. This offers a discharge path for
capacitor CS while the charge on capacitor C6 remains.
During the first reset cycle, clock pulse CLK3 goes
high, clock pulse CLK4 goes high and clock pulse
CLKS goes low. This causes switch S10 to close and
switch S11 to open which connects the output of the
lowpass filter to capacitor C5 to charge it. In the feed-
back loop of amplifier A3, switch S3 is open and switch
S12 1s closed connecting capacitor C6 in the feedback
loop of amplifier A3. This allows the charge from ca-
pacitor CS to be integrated and transferred to the capac-
itor C6 which accumulates it with charges from previ-
ous integration cycles.

As will be noted from FIG. §, the time constant of the
integrator 16, using clocking cycles alone, is substan-
tially greater than that of the input integrator 10. The
integrator 16 is activated once every plurality of cycles
as shown by clocks 3, 4 and 5, compared to the number
of cycles of clock 1.

As a further means or example, the value of capacitor
CS compared to C6 is that C6 is 100 times the value of
C5 and therefore, the value voltage of C6 is incre-
mented by 1/100 of the input voltage for every cycle of
the integrator 16. In a typical example, C5 may be 0.1
pico farad while C6 would be ten pico farad. As a fur-
ther example of design characteristics, capacitor C1
could be 1 pico farad, capacitor C2 be 0.05 pico farad,
capacitor C3 be 1 pico farad, and capacitor C4 be 0.05
pico farad.

Although the present invention has been described
and illustrated in detail, it is to be clearly understood
that the same is by way of illustration and exampie only,
and is not to be taken by way of limitation. The spirit
and scope of the present invention are to be limited only
by the terms of the appended claims.

What is claimed:

1. A transimpedance processor for converting photo-
currents into voltage comprising: |

input integrator means for integrating input signals

over a measurement cycle on a first capacitor of
sald input integration means;

S/H mans connected to an output of said input intie-

grator means for sampling and holding the output
- of said integrating means; and
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precharge means connected between an output of
said S/H means and said first capacitor and includ-
ing a precharge integrator means for integrating
output of said S/H means and generating a voltage
as a function of input background level and switch-
ing means for precharging said first capacitor with
negative of the output of said precharge integrator
means in a precharge cycle.

2. A transmission processor according to claim 1,

wheremn: | |

said input integrator means includes a first amplifier
means having an input and an output and said first
capacitor having a first terminal connected to said
first amplifier means’ input and a second terminal;
and

said switching ‘means includes a first switch means

‘connected between said first capacitor’s second

terminal and said first amplifier means output, and
a second switch means connected between said
first capacitor’s second terminal and output of said
precharge integrator means, and control means for
- closing said first switch means and opening said
second switch means during a measurement cycle

and opening said first switch means and closing-

said second sw1tch means during a precharge cy-
clee

3. A transimpedance processor according to claim 2,
wherein said switching means further includes a third
switch means connected between said first amplifier
means’ input and output; and said control means opens
said third switch during measurement cycles and closes
said third switch during precharge cycles.

d
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4. A transimpedance processor according to claim 2, '

wherein:
sald S/H means includes a second capacitor having

first and second terminals, a fourth switch means

33

connected between said second capacltor’ 8 first

terminal and said first amplifier means’ output, and
a fifth switch means connected between said sec-
ond capacitor’s first terminal and a reference termi-
nal; and

said control means closes said fourth switch means

and opens said fifth switch means during said mea- -

surement cycle and opens said fourth switch means
and closes said fifth switch means during said pre-
charge cycle. -

. A transimpedance processor according to claim 4,
wheretn said S/H means includes a low pass filter con-
nected between said second capacitor’s second terminal
and said precharge means.

6. A transmpedance processor accardmg to claim 2,
wherein:

said precharge inte grator means includes a third ca-

pacitor having a first terminal connected to an
input of said precharge integrated means and a
- second terminal, a sixth switch means connected
between said third capacitor’s second terminal and
output of said S/H means, and a seventh switch
means connected between said third capacitor’s
second terminal and a reference terminal; and
said control means closes said seventh switch means
to reset said third capacitor while said sixth switch
means is open, and closes said sixth switch means to
charge said capacitor with- the output of S/H
means while said seventh switch means is open.

1. A transimpedance processor according to claim 6,

wherein said control means closes said seventh switch
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means during a measurement cycle and closes said sixth -
switch means during a subsequent precharge cycle.
8. A transimpedance processor according to claim 7,
wherein said control means closes said sixth and seventh
switch means only once over a plurahty of measure-
ment and precharge cycles.
9. A transimpedance processor according to cla:m 6,
wherein: |
said precharge integrator means further includes sec-

ond amplifier means having an input and output,
fourth capacitor having a first terminal connected

- to said second amplifier means’ input and a second
terminal, eighth switch means connected between -

- said fourth capacitor’s second terminal and said N

second amplifier means’ output, and a ninth switch
means connected between said second am;yhﬁer |
means input and output; and | o
said control means opens said elghth sw1tch means
- and closes said ninth switch means when said sev-
enth switch means is closed, and closes said eighth
switch means and opens said ninth switch means
when said seventh switch means is open. -
10. A transimpedance processor according to claim 1
wherein said precharge integrator means includes a
third capacitor having a first terminal connected to
an input of said precharge integrated means, a sixth
switch means connected between a second termi-
nal of said third capacitor and output of said S/H
- means, and a seventh switch means connected be-
tween said third capacitor’s second terminal anda
reference terminal; and |
including control means for closing said seventh .
- switch means to reset said third capacitor while -
said sixth switch means is open, and closing said
sixth switch means to charge said capacitor with
the output of S/H means while said seventh switch
means is open.
11. A transimpedance processor accordmg to claim
10, wherein said control means closes said seventh
switch means during a measurement cycle and closes
said sixth switch means during a subsequent prcchargc |
cycle. .
12. A transmpedancc processor according to claim
10, wherein: |

said precharge integrator means further includes sec-

ond amplifier means having an input and output, a
fourth capacitor having a first terminal connected
to said second amplifier means’ input, eighth switch
means connected between a second terminal of said
fourth capacitor and said second amplifier means’
output, and a ninth switch means connected be-
tween said second amplifier means input and out-
put; and

said control means opens said eighth switch means
and closes said ninth switch means when said sev- |
enth switch means is closed, and closes said eighth
switch means and opens said ninth switch means
when said seventh switch means is open. | |

13. A transimpedance process comprising:

first amplifier means having an input and an output; -

first capacitor having a first terminal connected to

- said first amplifier means’ input; |

S/H means connected to said first amplifier means
~output for sampling and holding output signal of
said first amplifier means output during a measure-
ment cycle; |
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precharge integrator means connected to said S/H
means for integrating outputs of said S/H means
and having an output; and

switching means connected between a second termi-
nal of said first capacitor, said precharge integrator
means’ output and said first amplifier means’ output
for connecting said first capacitor’s second termi-
nal to said first amplifier means’ output during a
measurement cycle and for connecting said first
capacitor’s second terminal to said precharge inte-
grator means during a precharge cycle. -

14. A transimpedance process according to claim 13,

wherein said switching means includes:

a first switch means connected between said first
capacitor’s second terminal and said first amplifier
means output;

second switch means connected between said first
capacitor’s second terminal and output of said pre-
charge integrator means:

a third switch means connected between said first
amplifier means’ input and output; and

control means for closing said first switch means and
opening said second and third switch means during
a measurement cycle and opening said first swiich
means and closing said and third second switch
means during a precharge cycle.

15. A transimpedance process according to claim 13,

wherein:

said S/H means includes a second capacitor having a
first terminal, a fourth switch means connected
between said second capacitor’s first terminal and
said first amplifier means’ output, and a fifth switch
means connected between said second capacitor’s
first terminal and a reference terminal: and

said control means closes said fourth switch means
and opens said fifth switch means during said mea-
surement cycle and opens said fourth switch means
and closes said fifth switch means during said pre-
charge cycle.

16. A transimpedance process according to claim 185,
wherein said S/H means includes a low pass filter con-
nected between a second ierminal of said second capaci-
tor and said precharge means.
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17. A transimpedance process according to claim 13,
wherein:
said precharge integrator means includes a third ca-

pacitor having a first terminal connected to an
input of said precharge integrated means, a sixth
switch means connected between a second termi-

nal of said third capacitor and output of said S/H
means, and a seventh switch means connected be-
tween said third capacitor’s second terminal and a
reference terminal; and

said control means closes said seventh switch means
io reset said third capacitor while said sixth switch
means 1S open, and closes said sixth switch means to
charge said capacitor with the output of S/H
means while said seventh switch means is open.

18. A transimpedance processor for converting pho-

tocurrents into voltage comprising:

input integrator means for integrating input signals
over a measurement cycle on a first capacitor of
said input integration means:;

S/H means connected to an output of said input inte-
grator means for sampling and holding the output
of said integrating means; and including a second
capacitor having a first terminal, a first switch
means connected between said second capacitor’s
first terminal and said first amplifier means’ output,
and a second switch means connected between said
second capacitor’s first terminal and a reference
terminal;

precharge means connected between an output of
said S/H means and said first capacitor for generat-
ing a voltage as a function of input background
level and precharging said first capacitor to a nega-
tive of said generated voltage in a precharge cycle:
and

control means for closing said first switch means and
opening said second switch means during said mea-
surement cycle and opening said first switch means
and closing said second switch means during said
precharge cycle.

19. A transimpedance processor according to claim

18, wherein said S/H means includes a low pass filter
connected between a second terminal of said second

capacitor and said precharge means.
x ® X K X
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